(General Motion of Rigid Bodies) 

(Inertia Tensor) ( ^1 1 jj I jjujzll I j2a* j I ) <L1 LkjJ I j2a* : « j j *" 1- 8 

i^JUJI <JL5iiyi <^^Jl£ , T J.^U p, ,i^ll <^j_^ ^1^1 Ui.nl ^jVI ^^ LLuujj 

J^in (^JJI <QJjl£ j^j* 4 n n'llu 0-»U £A-*-a A-^J^ *^ A < n^ll O'jJ I (j ift l*"^"* L^ 
. LojJ Cu£ 6LaJJV Ljl^-o ^iu <jOl-o j^Sk-o Jj-^ a << i^l I L^-ufl jjJ-» (V"' <JJ)*t i nil 



(1-8) Fr=-=2S- 



L^ «<J^JI ^J. ,^^1 ^jll P m j f^JI ^ s^jll ^1 <L^^, F r o. 

:J<.7,1L 4^1111 5JLJI ^ K^aJI ^U J^jSL 

(2-8) x =^ 

11a J[>^ <aJLUt ^j (o = (y k^y 4-J^j-^ ji <ji»jiu jij^ <(il-8)J£jJI 



(3-8) x 2 = ^=l z ^-k 

dt dt 
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(v) 



(l-8)J£ill 



(') 



J^C Ca^jljj (2-8) J\ itill ^Jj LoS < Lo <laia JL^ JL5^ * *!""> 1 nm^ j m * \ duJJ 

• V^*^ W>* C£j'3" <U ^0 



(4-8) 



L = I>*xp/ 



(5-8) 



: t^* 



p. =m J -v J - = m,.(cDXii) 



=J .o J^ ^" i ^l l L^j jjjj ^1 ijjl^l <*^-JI ^c 



:d^» 



(6-8) 



L =S w ^ r ' x ( wx ^)i 




(2-8) JiAll 
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Ax(BxC) = (A.C)B-(A.B)C 

:(6-8) Jf ^S Ijl 

(7-8) L = £w,.[r < 2 (o-i;.(ii.a))] 

i 

:<&UIL < (dyad product) ^ISli^jjJLli ^ju :jVI 

(AB).C = A(B.C) 

jJ 

C(AB) = (OA)B 
r,.(i;-'»co) = (r | .f,.)*0) 

(8-8) l«(o = fl+jj+kk)«(o = {y Jc i+6) y j+6) z k = co . 

<jV (unit tensor) Sja^JI j^a* ^^u^ H+jj+klkoUl£ll * j^ /» ^ 1 J^ *i^ 

•V-^J ^j^ <*^=^ dlM (7-8) ^ £\>a=JJ ^ Jinn* w< j1 Lu 



(9-8) L = ^m J .[^. 2 1-i;.i;.]i 



0) 



(10-8) L^l.co 
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(Inertia Tensor) (^lill jj ^«H xLo-o J\) «JLkjJI * — - ^1 I ^ jLL: >.»^ 
(11-8) U^m^l-r,-!-] 

^jUll rt^u^j <£j^Ja^JJ Ijjb ^ l juLm)1\ ^jLil ^jA*; iJtlll S^iAll ^ Ut % tMi 

(^jLi^J) (Tensors) c* I xLJl 12-8 

-.^ Sjj-wo <3}Lju AB ^Uill <1jLJI S^iall ^i t^>^ 

(12-8) (AB)«C = A(B-C) 

(13-8) A=A,i+^j+,4 z k = (ii+jj+kk).A 

^ya jIaII cJjjJU < Jl£. J-t-oj^j Luli <CjLuLxI * i i,i*t LAJJC «_L_» ^-lll K j j j 1 6J-^.jJI 

A = 2l Jw a+i4 jg ,lj+i4 jrz ik 

(14-8) + A } Ji+ A )y fi + A yz )k 
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:0l aij Jill J^ ^ ji j ij ^, Qu ^ 3> Jl^ ji j^iljll ^ 

(ij).A = i(j.A) = ^l i 



: Lolu 



(ji) . A = | (i . A) = ^4 j 



:v3Sii .(matrices&liji^l ^Lli^L ^ ^1 <,LS ^ l(SjL ] ^ ^ 



(15-8) 



A = 



^XK ^^; ^x? 
'V ^,y ^J Z 



•4^ i^j <ij je-i ^ V (14 " 8 V V 1 ^ 1 J 11 - 1 ^ ^oi Wi ^e- 



(c;j l e--- J ) (Tensor Algebra) .~J .ti.t I ..-. 3-8 



(16-8) 



:oloI A Jll tA ^ 1-3-8 



A+B=C ^I^HV/ 



1 ;. 



7 j / ca^lU ufo^ll ^ 6^j ^^i* e. j e. c^ 



(17-8) 



: ci I JjLaJL I u< ^ 2-3*8 

:J1^IL ^ Bj A c^^U ^jj*j| v>u -j| j^u jj ^ 



» ; 



,1 VI 



c i .c j =8 ij 
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1 i=j 



1 **; 



(18-8) A.B = X4B« 

i 

A.B = ^(^e < e y ).(^ w e 4 e ; ) 

ijki 

(19-8) A.B = £4, fl/e^e,) 

■.(Transpose) t"-- J jL> 3-3-8 

(20-8) A'.C = CA 

(21-8) 4=^ 

11a jj^l .(symmetric tensor) jkLl* jIaa j* A ^1 J^Ii Lsli A =A J& Ijl 



(22-8) A=A. 
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IIa jj^ -. (asymmetric tensor) jLLzl I jL^, su* A j,J 0^ A' =- A jK I jlj 



(23-8) 



A ij=- A ji 

Aij=0 



'";' 
»'=;' 



: (diagonal tensor)^ jLli I jiU (^ (constant tensor) c^lll I jij I 4-3-8 



(24-8) 



A = i41=^4 



1 
1 



:<fcUJL ^ K Ijl ^jLl jlo* A J,! J^ii ,LS .cufi JJft ,4^ 



(25-8) 



A = 



^ 0^ 
i4 2 
4 3 



oloiaiLl .iiyu. ^Ij5 <_^ j-^j £_^ Jj^^ jljcl ^^^ Siji.^tli 

m Uda. l^u <^ii« <b L^_^ j^ <^i* ^| ^jt $<£ (operators).-, \Ji^ ^ „ a 



(26-8) 



L = |.ft> = 



r I I I ^ 

M xx *xy L xz 



• CO 



CO 



Cjl lk on^ ^jiii^n ^jii <^u ^ v> ^ji i^ ^uj.^i 
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<^lx^VljjLJLl oU*ki*o^>^ 4-8 

(Transformation of Coordinate Systems) 

oL£^ L$_» Jj? ^ Ti ^III 3-SjjUI 4-^uljJ S^iiJI 6iA ^ JjL^Imj 



.IjJLI ^ I4J (e/,e 2 ',e 3 c*>^ (c^c^c^ Jji jjL^ <^i* <> J-£^ L^^ 



(27-8) 

(28-8) 

.(3-8) J££ll ^ L£ 

(29-8) 



(30-8) 



AJ — 2^, a ij X j 



<9 ilaJSb jLlcL iibLuJI CjU^LjJI Jj-o j£uJI <j£-af 



^ = a ll x+a l2 y 
y' = a 21 x+a 22 y 



% ~ e i * e i - cos ^ 
%- e i #e 2- s i n ^ 
% ~ e 2 #e i = -sin0 
^22 ~ e 2 #e 2 = cos ^ 



:J^miIL oUjSi^ll <j-o <j^*u£ 



n nr> <in^o 



JSulxu a.j3j to uA'i 



(31-8) 



(32-8) 






(a)= 



'cos sin Yx 
^-sin0 cosfl^y, 



f cos sin ^ 



V 



-sin0 cos 9 
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:<ijijuall ^JS 



. (xf,/) ^l (x, y) <> (rotation matrix) j I jj^l I ia^i*^ 



(33-8) 



(a-)= 



c-os0 -sin# 
sin cos 




:J£^t> (e 1 ,e 2 ,c 3 ) JJ U-o hyte ^i A<l^i* ^i LL£ jl<u <gj jJju :jVI 

3 
A=i4 1 c 1 + i4 2 c 2 + y4 3 C3 = ^i4 l -c J . 

:J1^JL IjJLI ^ I4J ,(c / 1 ,c / 2> c / ) iiiC i^kil ^L^ilL ALK j^u L£ 



(34-8) 



i=\ 

3 
1=1 



lit .(^j^,^) oLilj-^^J LL^ J5U* JfLiu J>^H A <L=klil oLS^a jl n^aljj 

.3j5lja.VI jjUil i 0s> klo jlj^j jit (27-8)5jcU1I J*j 
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(c ,e ,e) a ^u^ii 2 : .,.\\ l : I <JLL*JI xu* o^ & %>> J^ 11 <->^ 



(35-8) 



'/£ =cf.I.c} = £% ^ 



*?,/ 






nm Sf 



(36-8) 



a = e • e 

nm n m 



Sjctill Jij J^ 7 r jljfcl <*~^ k.,>~~> «GI ,y> oLJJ c^ 1 ^ 11 t**^ 1 ^J^ 1 * 

.iilja-VI jjUJ.1 «u>ti» oLtfJ JJc. (35-8) 
(diagonalization of a tensor) (LtjLl jIaa Jaa.) jIaa j j t-» a"* 5 - 8 

jc. o^-JI • 3 : I-»H f Uu^Vl j'jJ-4 5jik:lil J^—* 1 V^' tf* lj ^ f* 11 •> 
jj^JI ^lc LjU ^1 <l>3 L|_u <Jlk*JI Ji— a£» ^'-H JJ 1 ^- 4 <-*^ 



(37-8) 



'/ / / N 

7 J'* }'}' J ; * 
V^zx *zy *zz J 



t(oxyz) <i*xj* <Ji\±*>1 jtil^-° <-o>Liii <UcuilL 
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(38-8) 



f I{ A 

o r 2 o 

o 0I' 3J 



L^i I Jj^j\o)jA\ o^ L$J (o^j/^^jJwi i^lj^J j^L^o LftjkJL i^uiJL 
<0Zji o/ji o^jjUJLI j^V L^l^o l^lft Ajl£ Ijl <Gj Ji^^L Ju^ik. /Lj-LS 

:<jj^ jjjJk. <^lo o^ 0%b 



(39-8) 



(40-8) 



k = A e{ 



: f^ L>* 



I*A=/ I , i4c , 1 =/ 1 / A 



J <^vi,„ nil Vi o^ji oy^jijj a j, is iji ;^j^,^ ^^ (40-8)^1 ^i^ii <> 

iWJL 02jl 0/jl 0^6 UJ I iij-Jt-o Ujjl Ijl Jljl .^jJil Jic J J\ f 2{ Jc 



'o^ 3 ^ c£jU? u^ 4 >"» ft t>- '-^ y {?* <oxyz ijlc <gL£ja <JVjj <y^j Sjjo^JI 

.dJIjj I J^Aj < \jL\ 
:5jJLUI iix-uLuVl i^kill ^1 11a ll» J^ 

6J-oLjLo j^L^><Lj h\ t\ tl 1 OX^Zj^LdJ 4 /xjU^a jjjJjlj L»jiaS J " * * /£J J*^ %5^/li 

jJaill ^jiJb (unique) Sjjji jioil iaJUll <j>Ua1I j^L*]! j] >..^> oxyz' iu^Lo 

(I a "^ v cl^ ^ " ■ «*** jl) ifjLoI-o ii^^ ^^aLt JLa c^LS Ijl VI (o IjJJ 

. " (degenerate) 
(eigenvalues or characteristic values)* jjudi ^11 i h^iUl i^klll ^^LIaJI ^si 

^principal axes) <juu*Luu) jjL±j> i^till io^kiaJJ s^uasJI jjLil ^Sij <ji<Jl 
oxyz iajkLall <^ailL (37-8) <5^LJL ^^Lju I ^1 ^Aji^ <i^>kill 61a jt^ji] 

^^JaXA <GJ Cu-^J <L^£. v i i^n ^jlll iajuiLuVl jLJJ J^J ^IjJ L <aJu» jJb A jlj 
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:<5^UiL oxyzjk. <GL^jj> <1Va> 



A=,4 X e l + A v e 2 + A z e 5 



ijjjSj jjjjt <l jloU iujjLuVl jjLa-LI a^.1 (^jljj A <jl Loj <( j£J 



i.a=;a 



|.A-/'A = 



(41-8) 



.A^UjIjj ^ill L> uLJi\ j^^JlL <iba.ll I J l^ud\ <xu£l\ ^ r Jsi 

:JL2JL Sj^Vl <£>UJI <jL£j 

(l-/'1).A = 



. (Eigenvalue Equation) Ijjud I <-aaii I «J jLua ^ J*-*^ 
•,^>a ozj qyj ox jjLJU ^ IfSLf^o ILL sj^-oJLl <IjUII J^ 



(42-8) 



-^vx ^* + (/™ _ -O A v + I vz A z = 



^A x + I zy A y +(I zz -nA z = 



j_i£. J^k LflJj jjll! ^-i^ia UJ^ <LuuuLaJLo <( iU-% oVjLla <Xj o^k r> (42-8) J^-<4 
ijj^ jl ^^ J\ /LojJjlq JlloVl (jj^a jl) ^j^x* j,K Ijl 04^=4=^=0) ^.u 



(43-8) 



i -r i i 

x xx L x xy x xz 
I I -V I 

yx yy yz 

i i i -r 

L zx x yz x zz x 
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f±MI ^ /J j>J &£ (43-8) (secular equation) Zjjudt <ijL*l I J*. !'■ »t~« ■ 

x^i (42-8)^^^11, ,/J iL^j Jj] ^j^LL, oxyzJ ? ,.,.-,IL, U^U.* 
Lf^AAj jc JaLl^, JSLij oL^JlI alA jjj^; /£<uV <Gi ols. < A-.A-.A ._....-.n 

• - °^ - - * _y z • 



(44 - 8) 



^ J b " -»H Sj^>JI 



(45-8) 



A 1 = ^ o (ae 1 + i3e 2 + 7e 3 ) 

jj-^j <JJ.il Y+LI jjk .djjl. ^ytjj .AjftL^I jji Lu 



:6ji 



>/ _A 1 _(ae 1 +y3e 2 + 7e 3 ) 



,2 , o2 



« Z +£ Z + ^ 



• oz j ojjoxj i^UL ox? jj-zdi (direction cosinesXi^ji ^Us ^j^^ (45-8) ^i 
/ 3 oA>^ JljS ,e' 2j ^ Ajja^i (42-8) yi /J / 2 iLulill Lull I ^^u Jiill ^^ 



.e 



.(41-8) <JjU^11 (eginvectors) Sj^l oLa^UfA^ Ap A^l^ill ^ 
ji L£ <Ljj i^Li^ jijcl ^ (43-8) SjaJJ <Jj|_*!i jjj^ ji jUjJI ji^ 

: J^ iJt e e 3 j e 2 J e^Vaj e' 3 j e' 2 j e' lV &i < f j£ L ^ ,Lu 



(46-8) 



e i=«ie,+j8i e 2 + 7! e 3 

. e 3 = «3 e l + ^3 e 2 + 73 e 3 



ji 
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(47-8) 



f~>\ 



v e 3; 



« 2 Pi 72 

v«3 Pi r 3 



f*A 



K e V 



= (a) 



r~ \ 



v e 3; 



ij-.Li ,,.j, jl^j ^ill (rotation matrix) jijj J i Hyu^^ (a)^ 3% ^ 
^ (a'^1) (a) liji-li JjCI oj* <v^ -o*)^Jl oxyz i^kili > JiErfi 



(48-8) 



a.a'=i 



(orthogonal matrix) SxaLtj-aiiji-uo^^ (a) <j^ 



6-8 



J<.7.ll. <u&i jl .Sj**aJI i^l^VI jjUJ.1 <-jtll <^JL, t,G jIJ-I e^e 



V =/ 2 ' =/ 3' ^ <£ '^ Lu ^ ' ^ '"^ 5 -* xil ^' ^^ '"' " ' 



(49-8) 



1=/, 



( \ 0~ 
1 

vooi. 



_r,JI i^U jjL^ i^bi* ^a <oUj^ .o/y/jjL^ <^ti- tfl up l^ 1 -? 

Sj-UI jV <oJ I^IL (spherically symmetric/ LjjjZ jJiLia.uJ.l- dl J>*b 

i fl ...i-. SjSlI :£>* 1»3j*» SxoUio jjU- <*j&^ i/i V^L. 5>lHx 

baa^j r««<?«e; W r 3 l '^ ^^ ^-^ ^ m] L>uLuVI a ^ JI 6L ^' ^ 

tf l Lo^J /,j/i^ c^iU^ll of^VI o^^L^Vl Oeai^ 11 U < Sa ^ ^-^ 

Ijl <GV .illill ,j«L-Vl jjail ^> £.*>-*• J*«" ^ Ui-tJW ui-^ 1 *^ UiJ^-* 
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|.A = /{i4 1 eJ + /^ 2 e / 2 

U\=I{(A l e\ + A 2 e' 2 )=I{A 

,<jj£. Ljj-OC j*>i\ Jj^wil JjjSjJ ^^pL-ul 

j^Lxil (jij^j jjjlc. Id < A * \ jyi l$_K <UJkLo dj^ill SJ-laII jxjlUI cut£ Ijl _ -^. 
^1 Li .S^jujlLI \sA\ <UV\\ <juuulJL Sjj^jtj S^j-* **?j^ Sjj^wo «fklill iju-uLuVI 

6 J J -t J <JL^Lu 6JJ-a^-o 6J-»Jja. 4 \ t oL-ul j^Lx-o <u}Ij J ^*t i <i 4 |j-JJ 4 \r\V\ Uj-^jC. 

:<u}UJL ^Ut <> < o L&jjxA jjl^ft iajJaj ^ Sjj*.j <^1a n jl^ Ijj <ljf^i 

n = cos a e x + cosj8e 2 + cos y e 3 
(cos 2 a +cos 2 /? + cos 2 y =1) e j e^eJ ^...nlL n<j^ji ^ VJ ^ yjPjCCc^ 

(50-8) I = n • I • n 



n 






269 



<flLJJ 7?j ^ m.^II <Jl£ ^ AfLl .JjVl jj^-ail j\j*J 4lll^ jS^o ^> jL jJ^a 
jjLJJ <-»^ki c-U& ( <L1j J^a. olu3 AjuujJ ioLxll iuljjjJI 4$>aJI <JU> ^i 

r. <o^iL ~...^ti ^o m.'Lj tr>v <Jl£ ^1 £-ua>* jj^j jjjjcj <i*jjjit]l Lojkitl 

:J (4-8) JLill <> i^^U c^ 



(51-8) 



r =R + r' 




(4-8) JS^ill 



:<JjL*1L lJ La^ <IIL*1I jiLo 



dljl 



!„ = £/»,. [(ii' + R) 2 1-(i/ + R)(f/ + R)] 



l -^m,[(< 2 1-r/r/)-(R 2 1-RR)+2R»i;'1-Rr-'-r/R] 



2»<('« /2 i-^ / )=' c 



ji 



& 
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2>,(R 2 1-RR)=m(r 2 1-rr) 

: o' ^ r c> .(0,0,0) j^ii ^j ^i g] tZ ^\ <z\^ij 

(52_8) lo='cm+^(R 2 1-RR) 

V L^ j^i ^ ^ L ,^ <i] ., _^ ^ ^.^ ^ Lj) _^ 
ol VI ,<fcSll ^ Uj^l^ i^ii <^jl ^L- ^ <ju^ ^ ^ 
•i* ^ J^i, dial .l^K. ^ ^B ^1 JU^ <j ^ j^ 4^ ^ 
^V(51-8) J^^ ^ (iUiJ , 6iA ^ ^^ ^^ ^ ^ iJuj) 

( 3^ t ' iia^i JilLa 8-8 

J>- a^JjLnum ^ j^ ^ ^ ^ <J0^ ^ ^ 
.**!! <^| ^ UjjU- ^ _^ ( ^ tfH ^ ^ _^ 

v^ £ .<J <^UVI ^LJI JAAij ^j, ,^ ^^ <(5 . 8) j^, ^ ^ 

^ ^ Ufit .<^UVI ^UJI ^i, i^, 4^, ^ . (jjJ( -^_ 

• iciLi? ^jlp L^U^ 6 -^ U}^ ^U-. i.^1 <^jl ^LJl <jlk*jl 

^1-iJI jj^JI ^3^ 0XJ/2J i^UL ilLLJI ^ ^ ' Vj | ^^: . ) 

:Vji (diagonal elements) 



111 



I^^ + z^dm^pllll^y^z^dxdydz^lma^Usma 2 ) 



M 



m -pa 



3 



3^ 



(5-8) J^JJI 



I n ,-I Z z = Y 2 ^a 2 ) 



:LLaj JSuJjl o^i 



•is** (off-diagonal elements) <jJoZ1\ j^ jj^JI L*1 



1 2_ 1 



/ -=/ OT =-p xydxdydz = --ma *=— (-3m a ) 

Y *>' V F JoJoJo •* ^ 4 12 



:cll3£ 



Ir=Izy = I« = l»=^-* m ^ 



■J ^.7.1 1. <JULxll jI^o y^i »Jlit 



(1) 



m a 



12 



8-3 -3 
-3 8-3 
1,-3-3 8 
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<**-i*-vi jjuai j^i te \\ 



■ajfci* ,o<LLJl < } ,„\\L ,._..<^|| 

l .A = /'A 

.^jlUI (/ ^LuVl j^^JJ <Llill jioU 53^1 <^ui /^ 

:Ji^JL SjiiVl <JjUil 4jL&, 

(l o -/'1).A = 

:aaJ OZj OJj OX Jc l^LS^ oLlj 



(2) 



(8-/')^ -3^ -3^ = 
-U x (8- 1') A y -3A Z = Q 
~3A X -Uy (8-/')4 = 



v l of4e^ j^ Su Jj£ Vj L^L^l, Juki oVjLu. < t>a ^ Ji^(2\ji Jia^L 



:uK lil 



(8-/')^ -3.4,, -3A, 
U x (8-l')A } , -3A Z 
5A X -U y (8-I')A z 



= 



:i->i 



(determinent .uail jj) ^i ii» ,.)$, 



/' 3 - 24 /' 2 + 165/' -242 = 

:^ (/-2) 
(/ / -2)(/' 2 -22/' + 121/') = (/'-2)(7'-ll) 2 = 
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:JSLilL iii^LuVl jjLaJJ ?« jk;t 3....-.I I. <JI,U,»II SJ.nn <_u£j dUjJ 



(\\ O' 



"'o = 



ma 
~[2 



11 
2 



:oa^i (2) oVjUII ^ / jijii Sjj^JI jjUJ.1 6l4 oUUil jUjV 



3(2^ -^-^) = 
3(-i4, + 2^-i4 2 ) = 
%-A x -A y + 2A z ) = Q 



■A=A yl j ^ ^^J 1 yr* U^S^Ly A ^ A y^ ^^ ^ <^' CA? 



A = >4 jf (i + j + k) 



;^jfc <Liic (Jj)^^ i I Sj^xjJI <LaJLo ,jU aj <j^ 



k' = — --^=(i+j+k) 
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:jaJ I i'xk'l =1 j i'«k'=0 Ji L, 



a + p = Q 



,2 , Ql 



a z +p z +(a-py = l 



a = -p 



a/2 



k'xi' = j' 



r=^(-i-j + 2k) 



ia>j QvlLLJI (^iIjUII Jju 



jl tfl 



Jl i_u& j' jL^jV <ljfi.1 



:^a i'j'k' Jl ijk <> jljjjl <i i> i^ a j,] k'j j'j i'^ ^ 



(3) 







(a)= 



i_ _^_ 

a/2 a/2 

1 1_ _2_ 

a/6 a/6 V6 

J_ J_ _L 

a/3 a/3 a/3 
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:<5^UJL Slkjuafl iijl^j Ojf Jj*> 



COS - ■ 



:^jj (35-8) ^> (lio^o Ullage jl)(3) c>l^ Jj-c^=JI ji^ £alalL 

^ = X ^ ^ ^/ 

d"Al< j£^-o LAjJjuo jjL=*-« <UjhU <jllu11L .^jt^ll <JLkc Ju/i unA) : ' Jf^l -— ^ 
•_^<">J il^ljlll Jjl^-ll <±J&> AjVi.iiU .<C.}LxiJ (^jljJ Uj^U^AJ 



(4) 



l = l cm + m(RM-RR) 



l cw =l -m(R 2 1-RR) 



•d 



I ^1 <<J^JI ^S^o ^j Oj> <^la R ±u 



R = -(i+j+k) 

2 



:<loj 



RR = 



^l l o 
1 1 1 



(4) Jt ^jallL 
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(5) 



ma 



6 



(\ 0^ 
1 
v 1 



^JU^ >^llLo v_>xH.I jl Lr l«j LjL^la £yjill SjjJtl jkjiill jjjS ji LS .i^Lui 
u^ V <G| ^iu Ija jl ^JJL ! S^ ^Jb ^aSJ.1 ^1 ^| .<afc^ jZJ. 2 : ■■•■" ; 

.<JLJI 6dA ^i iiilS j^ <Gc <^LJI oL>ll <jV ,k.G jlJI 
^l J jJI^LL J J(Lj > Lxj l .,l,r> r ,, ? t< : ^ > Jl<JiLLtl 9-8 

:<j£>aJI <G2Ua ^ulij^iylj 4t^^ CtulS ikSi J^a. jjjj LLa U,,^ ju 



T^-mivf^-m^OiXTi) 2 

1 
= S 7 m ^ W X O '^ X T i ) 
1 

= £-»», G).[i;x(G>Xii)] 



:OI tfi 



(53-8) r=ia).L=-td.|.(o 

2 2 



:Uo^jJ 6) z jW, jtt^LS^ j^o mJ (39-8) <fcl*IL ^k»* I jl£ IjU 



(54-8) 



T*_ 7 2 1 r 2 1 r 2 

^ - 2 y xc W « + - 7 jytf> jy + ~ hz^zz + 



^VxVy + I yzP>y a >z + hx^z^x 



6i4 ^is d,^ jj£z w ^u L, £lG ^^ <il_L J^.1 ^ <ui (54-8) ,> .U^Li 

:J£uSilL \l£& IjU .<UiLa^ <5iUJI 
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(55-8) a) = co ( cos a i + cos p j + cos y k) 

(56-8) T = -/6> 2 

2 

(57-8) /=/^ C os 2 a + /^cos 2 /?+/ zz cos 2 y + 

2/jg, cos a cos (3 + 21 yz cos fi cos y + 21 zx cosy cos a 



1 

(58-8) p = - r (cosa i+cos^j+cosy^^p^i+p^j + p^ 



iLj^jI (57-8) ^ Huijcj 

( 59 - 8 ) 7 rcP* + Vj + ^ + 2 IxyP x Py 

+ 2 VV>* + 2 V^ + 2/^Pj = 

*LAill ^i (ellipsoid) ^L ^ p M , ?ft <JjU_* Ji*: (59-8) ibLdl jt I^oU 
. (momental ellipsoid J\ ellipsoid of inertia) <JULjJI *Jx5 - — - »... ? t. i |jj> ^jj 

(60-8) hpl + hpl + hp]= l 

.Sj^^JI j^LJJ ^i oLsl^VI Jc p^p^p^si d^ 
<11L*JI jlJL jLLjL^ ^Ir^u* jlioJi iJllA cuK Ijl <G| (60-8) <> Jiaak 
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^-^ h(ri+P 2 2 )+hP 2 5 =i 

. Sj£ <JjUI <iili. <g1jU* .-~ ; .~ v 4 :j I..-. 

^i-^^Lu^bULaLJI^^Jf 10-8 

: ^^ (^ u**" l^LL »L*ill ^i yU c ,,. ? l JuUIl <£_>^J| , a.^ j-j 



(62-8) Fp= ^i 



IV 



'cm. 



dt 
(63-8) tr = * 

(64 ~ 8) P c .,. = ^v c . w 

(65-8) L = I#0) 



^a ir ^JI ^ s^ij it^j <jUiiVI JiS^Jl (64-8) J (62-8) 4 jtJljLai a- 
. V-^- <J»* JU- f—*l ^Ij^JI <^JI (65-8)j (63-8U-3 Ulu ,<U£ ^ 

v c . m <«JlH p cm Op lal .<.ja* <^ ^ (64-8) ^i M u j L^i l^JUi l^i 
y^w^ <%^j -i-ll j-^il <IU-JI ji~ Ji«ii (65-8) ^ I U .lyj 

^^ •&* jb jus jl M ^ w ^ M^ b\i <^>i i^ «>, 
J^lj Ui^j .tut <^|^| ^i^ ^^ ^^ ol ^^ ^ ^ u , L] __„ 

<&^ ^ilill Jh*h ^U LI3S J*^ L- oLSjll *Juh ^ j^ ^1 ^1 
t* '^> ft»J ' «> JS u# f till II* ^i v-.ll. ^L L= |. w ^^ (63-8) 
iu*e (63-8) <£L^I i^u J& <ij> ^ ^| j^vi <> 4iLi ciljJ .^l 
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(Enter's Equations) jJjl oV jLxx 11-8 

oVjUII ^ yill -OXrZ pL^ill ^i tuC cilj^l jj^ W^ V-^ ' 

JJjl .^1 ^f.^ .lyj M V-^ ^' (65-8) Jl (62-8) > yj VI 

li*j iLlill i.jkill 1j~ ^ W* -oxyzU^l jj^ <->^- r-*^ ^^ 

u^ ^ je^ ^ ^j j L ^ t^ LJI J^ 1 s^ 6 ^ J L Ji ^ ^ 
^l ju^ji s>ull >i* s ^ ^ «SjIjj jjl— *-jJ^ J! J^V ^ 

•jjUJ.1 jIjjj .> ^L^ 1 ^^ ^ ^ ^ u ^ ^ 
: ^ jiji* .OXFZJ <^1L ^LuJI ^u^Jl tjyljJI ^jll ^L^ lili 



t = — 
dt 



L=l»0) 



.fcJill jjUJ.1 <-jkH ;l«JL f% jUi^yi 
:^ (21-7) *fcUJI > Sjlil^VL 



dL • T 

(66-8) ~dl 

r .. ? l l ^ ^ja^Ll jjUll iylill i^L ^a L jui- o^ iW Jje ^ 

: ^£j JljJ „_i-JI 

(67-8) t = L + coxL 

jjLJ.1 Jc j : t-"l <£^Oll (B«fy-i ! '«cerfaxes; f--»H jjLa^ Ju>Jii- jLsil* 
<aJ L^ L^Jil. f-^JL i->- tiil UU. Ul-3 ^iki- li* <<-> «f-l— VI 
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(68-8) 



1= /^ii+/ v jj+/ 2 kk 



(69-8) 



to = Q) x i+(o y \+(D z k 



<loj 



(70-8) 



L = I •(*) = 7*6)^1+ I y (dy)+ l z CO z k 



(71-8) 



L = I •0) = I x Q) x i+ I y cb )+ I z 6) z k 



<£jj*Jlll jjLaJJ <Ujhtl, A \t »nlL jiu-*a]l ^jLujj /• I J I 1 Si i ti o ^jl Ja^U £ 



(72-8) co x L = ( I z - I z )co z co y i+(I x -I z )co x (o z \+(I y - I x )(o y (O x k 
:^ (f^^=JI jj^>) ozj oyj oXjjLAl ^ (67-8) JbUIl oLS^o J\ ^ <JJjJ 



(73-8) 



I x cb x +U z -Iy)cD z co y = T x 

l y 6)y+(l x -l z )0) X CO Z =T y 

I z 0) z +a y -I x )C0y(D x = T z 



IjJ J ft 1 1 . .nj (Euler's Equations) jlj) oVjLua(73-8)oU^LjJI ^j: 

ZjLJ^J^O ^^- '^1 <AjLU-2kll jjL=J. A \ Ml'ltL «_*1.>*N «■ « »^ It ijjljjl <£.juuj\ CjIj-LJlI 
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- - ? H ^V** <i^d jJjl oVjLua ^ SjUL-uVI (JLutij L° Jixiu J>^H f-^' 
^uu^JI j-^j-* ^^-=^ ^J '^^ c& <-»jlM' <f L ^ 1 ^^ ^ ul^ ^^ 

Ljl^l -on^ ^e^^e J**-^ <5j-=^ VuuttAj <<k*J J£ ^ pLaHI ^ <gUU:Ij 

^L^lll J^JI jjli j-^LJU .jmm.o Jlaiu <ul* jjj: jtiL^J. i^uullL ^jl^ll <^^JL5 
oljJOJJ ^j^ UL L:i Vl t(J uLJi\ JJi\ tfuJJ J^ ^b JLullJLI ^ J>£ill 

~...^N jjU^oj Jojj^oj <A-o jjJj ^aSIj-o ^i H^J <>> v_J^all ^ mi-% II <b£jj^lll 
Lfill-o ^ <2»£ <LL& <J±*>1 OJuL Oj^; ^Mi^l l jlj lj| <M ^1 llA 6j^ 

.L4J 4,,„ML x j ^j I > J£ o^ ^uu^Jj fuuu^JI jjUi Ijx* U^ljLi liili 

^&jj& jLkal J-^«* jidk. <j}lLVI ^ ISjlLa jjuL f mi-^1 1 <£jjz> Cul£ Ijj L*l 

.I4J d....;t l* <L»LJI oLxoUl oL^j-o ^J.m^j jj^' *jJb 1^ <t&l\ 

<juLj <^jlj ^ J '- * jjJj tjl ^L-<3 a . «i *vl ^l^-^^ <J>I ^>ljl oVjL*_A J^o Jeta^ 

(67-8) Jj^ lil 1 = o1 *1<to/<ft = o^ ^ ^ co^ ,3 i * V UU 

(ox(Uco) = t 
^l* IjI VI ^ liAj Uco J ^^a^ a' v~ T=0 ^ u< ^J A u 

fj* jl Sji ^1 Jf^ UJ^? J^ J^A? JL$-^ ^-* V^ J 'J*^ ^ J ^ ! '^1 ^^ 

j>=^ 03^ 01 *r^f L ^ 'L&iJ^ O^i ^^ c^ ^^ ^^ V^J ^^ <^ jLik 
w^ <>'>K>a ^V ^ij^A-o jjfc L& <<juuuLJ)1 \ 6jjL^-o ^^.1 ^^ic l ^;l^^ o'jl5^' 

jj^ - <J ^uJ Ijli^t I n i..% (J-a^a JfLuJI 3jU"*H (jl ^j ^f-^ 4jl Lf^*^ ^ 

.^ilj Jiuiu <L>.V Sjii ^ L> ujjl l -aia ^tLH jj*>* ^ ' "^11 jlS lj| Ll .^Lu 
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^ co-^ ^ JJ£ - (67-8) ^^ l?*J* y>uail 






(O#((oxL) = 

: OL^f I^J ^Ll* Jim I jV l^j 

(75-8) nf* *° i 

df dt 

:JUJI J* (74-8) <IjUI ^ ^,b jA 

co#x = [-a)#U(or 

2 

I U^ J&\ ^ -II j^Ld <^allL ^ <£ ^^ jULiVI ilia* Ji &*&> Op 

.1+1 wJL LL15 
:jf-^ (53-8) <JjLai j] ^1 „. ,1,^11 ^„ ? H iiS^JI <SLUJ 

(76-8) a>.x = — =r 

dt 

j? fcuisii .LAiii ^m i^iJL o^ii ^ rjUi^,! i ^^ u^ ^ 

.iijjn i^£ 7j,V ^i, l? Jl jjLJl ii^uUL 
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wijfc ji Jlj <> Ju 1— il •>» J^ jj^e ^i JL^ ^-^ '^^ '^^ < * L 

jLJal Sjc *d>L, tfj" ^ Ul ^'^ V 31 ^ J' '<> Vl ^ *W ^ ^ 
^SJI j^ du^ «jJ» J£ <t£ .£>» ^ SjS > »i* <*»ij o±^ <=W i>ji>£ 

Jjl oVjU* jo^Ij .^jj*- jS^ll jl <J»*ill fti* JL^ k*>* J a[ i ^ £s* 

:J££1I >■ 



(77-8) 



I y G) y +tI x -I z )(D x (O z = 
/> 2 +(/-/, ^6)^=0 



:^ ^jic .OZj^ll J^ >Li» ^Lall |v^JI jl 11— >il IJli 

i^ — 1 y 

:ja Jll Jc (77-8) > 5511511 <JjUII j^^j 



/ z w z =0 



a) = c«l5 

z 



=01 tf' 



=(77-8)0- JuilSllj JjVl u^Ull <>^ ^ 



ft) 



i v 



284 



(79-8) 



<b y -[ Uz Ix) a) z ](D x = 



fr*Ai5 l£l x u 1 o*j*i 



(78-8) Q = U \ Ix) 0) z 



h 



(b x +Qco Y = 



G) y -Q(o x =0 
g) v +£2 2 g; v =0 



:<1aj 



6)^. = <y o cos(I2J + 0) 
Q) y = co sm(Qt+(l)) 



: u' c* 1 



(80-8) co l x +co l y = co;=^ 

X2 <-fjlj <jC^uj&) Lb^ki i..flnVi Sjjlj A^-u>* XJ ; <£>LuJJ ^^ <&jx& ,7l/2 jljJLxJ 

^1 <£2>0c^l£ ljlk&U:L «-^>ll 6iA o'jl5 j He- ul9^j «(6-8) J^.t.ll ^i L£ 
<*l* Cx& C^J^ll tiK ^ <I<I x< /\Q<0 j& W kJ ^^ ji J^xO^ '^ 
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(81 - 8) 



Ct) 2 x + (0 2 y + (0 2 z - (x>l =cu£ 



:<2}UJL a 



(82-8) 



tana = 



3 
6), 



. ffrodj cone) - — ~< I laj>a-s -Kj^J-I ll» ^Of 




(6-8) Jiill 

r ^«-u«aj-o Jjj^*n UbJ-^ai <<CLLjlII p! i r\\\\ jjL=J. <LLi-allL a < n^hll <^j^. Lol 



(83 - 8) 



L = ojU 



J J Villi dlljJ <LjJ pi .A41I ^ ULkjIj <-A-iS Cut ^jiuflJI A IM-vIl (^jljil ^^)JU 



(84-8) 



cos jS = 



co»L _ 0)«I«0) _ IT 
coL coL 0) 



:JI ,in^ (76-8) <S^UJI , t hm^ iLQ 3\j1 L£ <i<uilL 0^^ ^ J C0^ 
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dT 
dt 

<iylj ^LJp U u> ^ ^j, ^j ^ u La,] tu(5 /? jLi fS ,> 
.(7-8) jSLill ^ ^^ ^ (^ / LjJ ^^1 ^ ^ 



s L-saiJI iajjiLa 




(7-8) JUJI 
a -i ^ li>j ^1 ^1 J^i ^ ^^{4*1^ ^Jl i^i fc,^ pLAiJ | 

1+1 »- y^i ^1 1^ ^ Lc ^, ^ l>1( ^ ^ ^.^ ^ ^ ^ 

jLLL: Ulu .oZ^ L l^ jj^ d^ ,LAiJ| ^^ ^^ j(li . ^ 
ox^ ^1 ^ jL> ^ >t j c ozt ^ jJki, ^ ^1 ^l^ ^^^ 
oV oz^ ^j^ j!^ ^ ^^ ^^^ ^ ^ oy j0xc fl L j^ 1^^ 
:u^e ^ ozjLou iyijji ^oiK IjU .jj^ j^ jn^ r ,,. ? M 

Z =/ 6> =0 

AT * X 



VW Zsin0 
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L =1 0) =LcosO 

z z z 






o) = a>sinaj+wcosak 



(0 

-^-=tana 



l y 



:Jl. s^ JH1L. 



C& 



■■a& ^ 



=0' tf' 



(85-8) tan = -^ tan a 

*Z 

C^J-jyiil o»^ ^ oi* <*^l &K ^ ^ {r>>4tf ^ LAi]l L ^^ ^>^ 

.201511 ^L-VI 6jjl— JU- oL£>- iyljll <~>- ^ Jf"^ U J^ ^ 

.5L-1 <J^ jjj, 0l^ ^1 ^L-Vl J>^' J^ «J'JJJ" J 1 ^** 1 L >^ o»j^ 

.Sjo^j Sj^ ^^ aL>iVI oiji^H 0>* ^J 1 ^ 1 ^^" u' ^ 
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:<£>UJL lAu* ^Jax^ J,l£ p.,,^11 iijI^JI it^uJI <^lo Jl llx^jlil IjU 



0) = CD x t 



'^xt* ^J^Ls /^jGT JloJfcl ( ^ A j i^jj (jyjJuu* ft jCC (Jul&jLI j±l^ c 

r^^u <i»LJI <JjIjlLI ji j^ja)8 j^II JLoaLj <co =/3 j(o=a j£Ij 

z y 



I x^x=0 



CO = c*il5 



: <J> tf» 



I Y G) y +(I x -I z )O) x O) z = 
I z ti) 2 + Uy-I x )(Oy(Q x =0* 



a + X2 2 « = 



(86-8) Q 2 = Ux Iz)Ux ! y ] 
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: r > * < A a c. 



:<JfrUJL IAaxo ^Uho ^l£ /\mi-%1I ^jl^ll <£-jjuJ\ <L^la j] tl^ajlil Ijli 



u> = 0) x i 



~* • I J. 



(0 = G^i+aj + /?k 

^^+(/ Z "/j;)fi> Z ^=0 

: iJ L*i <SjLJI <1jUII j? j^a/? aJI JLoaLj <g; =j3 jCO=a j£lj 



/A = o 






: u' tf 1 



I Y 6) y +( I x - I z )(O x 0) z = 



d + Q 2 a = 



: \\i iA< 



(86-8) £> 2 = - * /zX/x ^ 



y z 
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ilidic < (stability) j\Jsi2jjuiL SjL ^ui.r» L IIaj ^j wa ^ y ^] Qj^j |jQ 



(Ewfer's angles) jlj] L I jj _ * LiJLl I ^ uJ-uJ I ~ -^ I J I jj j d^j 16 - 8 

(£J>jl> ±s±jl\j ijjI^JI <Cjj-ull <LaJLo j *•"« t Q*^ <5jLuu1I ol jAAJI ^Ji Lli-ujJ jil 

.pL-oaII ^i a i ii^ 11 4 tt i syjl LaLIjI j^aJ <jl ^j ao-u^JI jjLaJL <UjuullL «_«!«>* * . '-^t 

f* '" *> (^1 ^jLlu3j <£.j_^uj *-uqj-o JjJ^Li ^^Jb LojJ <Lij-uLuVI dLaJil^JJ <U fl o ^Ji 
A < n-% ^^\n uiu-a^j S^iaJI 6J-A j-fl AJ)i\< .i tJLIjJ .iLilj iuLAfl jjLkl iu-allL /£jLo 
jjLaJJ <-o^ialo (JIjj L*'jL) £&Ui 4-IsLlxi^j pLaALII ^i LS^'jJ^ J^ ' * * dlj-aJLi ._A.*+ 

(8-8) JUJI Jl<uj .<Jt ^*j <J^J ^1 ^ ami^II j^L*-a ^l (L> ik^J ^i Lfl-Jc 




<k^JJI ^^,,,^11 




^Q^kaJll^i^M^H 



(8-8) Jlill 
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J\ (r-?J» J>^V t^O <^> <->till <> JUliVL ^L Li fJ ii 

Cililj^ <&S <LL-jj (f~*aJl yiVI f^jll) <£^ll\ j>.„ ? ll jjL-a 4-^Jil. 
Vl^l ^^ LjJilo^ J. oV.a ft 4_,jl^ OZ J^. jjLUI 4-ojJiio j^ji _ | 

(1 9-8) JUJI ^i L£ .oX^fp ojlj oXj j_^ Lw. .oZ^ 02r L_»i j ; L-,, 



(87-8) 



(88-8) 



<j> = 0k, = 0K 



I = cos <j) i, - sin (j> \ x 
J = sin </> ij + cos ^ j, 
K = ki 



iulVi LaS 




(r 9-8) J^ill 



ox 



^jSLtJI) J^Ji\oZ^ J <oz 2 £*0 l,j\j oz lt i^u Liu QXj ^k o^Uu j^Ll 

.( y 9-8) JLill ^i L£ <(,Liill ^i cuiill 
•JlAtL jjaaJI o'jlj-J' *Sy'3" <t>uJI <^i« ■•"<'■ *!; j> 



(89-8) 



e = 0i ] = di 2 ' 



:LAji ( v 9-8) JLill <> ^jSi L£ 
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(90-8) 



h = h 



\ x -cos6) 2 - sin0k 2 
kj = sin0j 2 + cos0k 2 




( v 9-8) Jl^ll 

jjU-a > LuLul lj>^» fjll^i ^1)02^ 0Z 2 J^ki; du^(^9-8)Jl^JI ^ 

. ox 2 j-o v^ <ej' j o^ t^°e 
:Ji^JL j^Vl obtf-d ^j'j 11 ^j- 11 v 1 ^ r l> 



(91-8) 



y = Vrk 2 = .Vrk 2; 



:(_=> 9-8) J$M\ <> v^ ^ 



(92-8) 



i 2 = cosl/^i- sinvj 
j 2 = sinv"i+ cosi/^j 
L k 2 = k 




U (9-8) JiAll 
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CjUIj^jU iijl^l ^^-^1 £>*^ (^ *-*JLuall am. ^11 <JUI iijI^JI <nj^JI Jjjii 

(93-8) o) = 0k+fli 1 + ^k 

j-su j-^l cu^j (Zme of nodes jsuJI La j\) ox {J ^d\ J^ jjj^ am, ^11 ^Li 
.(110-8) JLill ^i L^ .(culill ^USLill^ZjjaJLI ,> f^JL jLalbz j^l 

jLi <^Iillj0 j0 *LL £* Jaiiy ^jls Lojk: ljj.il ".(ujIO-8) J^m.H ^ Lo£ 

. C^lO-8) J££ll ^ L£ 




w 



(v) 
(10-8) JSill 



(') 



^ J^jji'iMin i»^>aJI <G5Lk ^ J.'.' <"itL - . .1 - — tl ■*•■•■*■<> gJl^c-V 4Jlj JjVI _■"<'•! 
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j j jif^JL <Lf>J.\ ^LuVl j^LJU Jc ^LS^ <JVj, (0 ^i^jj (53-8) <bbdl 
:(92-8)j(90-8)j(88-8)> SjUiuuVI ^ ^1 ^ (93-8)^ .k 



(95-8) 



Q) x =6cosy/+(j) sin sin 1//" 
(o y =-0smy/^- <p s'mOcosys 
co z = y/ + <pcos9 

: <5^LjJL SLUjla j^Ak. ami-vII i^^JI <SLUI ~y~r*j 



(96-8) 



T=-i x a>l+-i y a) 2 y +-i 2 a 



okl^JI ^ iijUJI JjJ^JI Jl ^1 <6J-oLlLo Qi.nl OZj OX j OZ jjUJLI Jl US 
/=/ Jjl-i J^xk: <(0ZJ(j£J 6jLLL± tfjll) jkl^l jj^o f ,„^ll jl£ Ijl Li 



(97-8) 



r = -7 Jt (0 2 + 2 sin 2 0) + -/ z (v' + 0CQS0) 2 

Z z 



^1 jl F=K0,</>,v) c-MI <3U= <^ o^e iiS^I ttUJI ^k Jj.^ll jju 

.pL^ill ^ j^aaJI K^a. iculjj i^^UI ^iljtV <Jlj ■'<•■ *j .L-jjOil <Jt<Jll 

(7%e Symmetric Top) jJaLU ( JjJJ I 17 - 8 

j" " •> U-o ' — aljil (<-oljjJI jl) jJaljli.1 JilJI u'jJ J SjJLill 6JJk ^ (^jj'im 

mg J&ll ^^ JJJI ^^Lj J& .(11-8) Ji^JI ^i L£ <o > /jju Jt C<g££ 

.NJaaII jjj 
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(98-8) 



:^A JJJI ^>j <5LL J\ .k^ 



V= mgz cm = m glcos0 



:j^l\ Jt (98-8) j (97-8) > ^V <JIj ^ JUIL 



(99-8) 



1 1 

z = - / *(^ 2 + ^ 2 sin 2 6O + -/ 2 (i/A + ^cos0) 2 -mg/cos0 

^ L 



;ioo-8) 




(11-8) JfLiJI 



dZ 



(101-8) P<p = -^ = I x<i> sin 0+ I z cos 0(yf+<j> cos 6)= I x <p sm 2 6 + p cosO 



city 



<JUI <3lUI i.tSj 



(102-8) 



£== - / x(^ 2 + ^ 2 sin 2 0) + -/ z (i/A + ^cosa) 2 + mg/cos6' 



o* 
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y/ + (j)cosd = 



P w 



(103-8) 



(f>sm6=- 



p w cosO 



I x sin 



■Cx£i* 



U .o2.^#-^^)2 ) + i + „g/cose 



^2^ +( /,sin. 



2/, 



:«l 



(104-8) 



F=-Le 2 +'Ke)' 

2 



(105-8) 



E' = E-^- 
1U 



(106-8) 



(107-8) 



(P^-P^ cos0)2 



27, sin 2 



+ mg/cos0 

: (104-8) <JjL*1I o- -^ 



=_(£'-' K0) 1 



:<U-oj 



(108-8) 



1 



J0 



T-C-'o) 



0„ J(J'-< *W V 7 * 
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<jj|JJI dS^u. j.i.h <£^-». LiJaLu 1-17-8 

6jJaLu jjja^a J^ja, JliiV Jj-LJ I :6) =0_ I 

:^l Jt (103-8) <Jjbdl j^j p =IG)=0 J\ S^Lo Jiaili 



(108-8) 



E = -re 2 + . 



P§ 



2I x sm'6 



+ m glcosO 



. LLLu aLl^jj ^jjl <_£jj£JI J>uJI 4JjL»I iijLko <JjUII &1a 
>LL_^ %ey J a^ IJj L^ .=•.-> i\5 (106-8) JUjLl-JU j^ <JLJI 6 Ia ^i 



'■ >"^*'Q < 



(£.>*■"» 



<*H0)' ,.„ (p<>- Py, cos 0)(p v - p. cos0) 
= -m glsmG-i - - -J- ™ 

^ 7 v sin 3 



(109-8) — __ = _ OTg 



°^ rf 1 V{0y/dG < oo\sO-7C^c c? V (ey/dG>0^ ;0jLJJ 6i4 «> -^^ 



(110-8) m g/sin 4 O +(ty - /y cosG )(p ¥ - p cos0 o ) = 



T((9) 




01 0i O 7r/2 0^* 

(12-8) Jiill 
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1 ^ U* ijilill yi ^.^oj JjVl <JUI ^ ^JLu <il ^0>7r/2 jd <7t/2 
.(12-8) JUJL ^^ j* li <^L^- Oj^ # t* 'K9y^j^ 
:<Jllli oVLl^VI L^IjJj iS^JI LiSlia Ijji 
J^iLiJI) oZJ^, JJJI jjjjy' L^I^ = Oj^ i^ F='nV^ ' : ' :Vj ' 



(111-8) 



00 = 



P$-P v cos0 o 



I x sm O 



:J a *, /^-/^cos0 oJ ljiJ] ^uUL (110-8) <bl*ll J^ 0^ -^ ^J^ 



1 sin O 
012-8) P*-Py«*0o = - 2 I*-^- 



4mglI x cos6 



r? 2 

; z « z 



:/j| ULU <Jjl*II 6J4J Vj^Lo 5U. JUa 01 -U^Uj 



4mg// 3C cosg £:i 



7 z fi) z 



)l C5> 



(113-8) 



co z > 



Urn gl I x cos o 



;lj 0- >-to oil* 131 Jy»UJI ^ iLtis iylj UiL- jjJe 0i J^ 11 <£**** 



• _A (to) . <luca 



(114-8) 



r„ ^ _ 4mg// x cos0 o 
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JL ^ P<h-Pw cose J uI^Sa- ^Ll^ ^ ^j^<y>(w ) . oii^ iji u 
&M& 6 uai W i (^jc^.ozj^ oU^u 6i^« o^jij u^>- 

LaIc c^^JI C;yM <^^UI f^ill jLJ 0^ .y^jlll ^Jc ,(112-8)^- j + 



4m gll r cos6 n 



=0< tf< 



(] 4wg// jr cosg ] /2 _ t 1 AmglI x cosd a 



2T *"* 



•J^ (112-8) ^ <^il SjUVI j] j^: JJJ 



(115-8) (0 n ) « i^ 



~ z z 
max ~ 

COSUq 



:<JLJI SjLiVI ^^JLju L£ 



(116-8) (0 n) . « JM! 



/»!!« T 

I z 0) z 



<*^JI Li tfj^JI inj^JL jjjb ^bj JJJI S^Ul^ Sj^UI ^jyJl ^ 

.0Z6^Lu jl^ 6 L3L ^1 .v^a^l aL^VL J^LiJI J^^ JJJI 
i*Ji Ja.1 ^ <G| (12-8) J£jJI <> Ik^U i^jv £'>>7(0 )>jK Ijl 'Li IS 

Oc IjLuJj il^Jl 2 J i ^ ^^ jjj, ^^^ 0? ^ , d = ()UAjit 

<£>JI fcii^Jc Jlk; .(Uj, 6ji> ^ J^ ^ ^ ^ J^ J^L^J, 
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fA*? (u'jlJ-^ 1 lt^j'j)^^!^- 5 '^ 1 ^ J (nutations) yjuju ^1 ^I^IaVI 

:a^ (103-8) ^0 =O 



(117-8) E , = _y^_ns +m g/cos0 

2/ v sin 2 



jd^S ^sl I p w j p^ jE' J* s^i^ JAII <£^ oi JI^VI J£ J ±~*> 
<j1 lik^U J^LjJI Jj^ <aljjj I^SIjl5 J^ 1 <^>^ ^ ^ill Li«-»i jl : u^' 

LbJ-aJ* ^li\ A <L>jl^JI <GjLj^uu SjLliI <„m ii*\ 1 <jIjjJ fcL^Ul w >f*^-J J) I J ' ft "t ^ > ou-A 

£u - p w cos 6 

(118-8) 0= ^ 9 

/ x sin 2 

:J^.t,lL <i»LJI iS^LaJI <? m<\ ±>Xxc \p. \<\p \ J\ lluajlil IJU 



v 



p v/ (—---cos6) 

0= — -J_ — 



/* sin z 



(119-8) -^- = cos0. 



: t*- a JeJ 



:^UI ^k (118-8) 



(120-8) (j)= Pv , (cosfl c -cose) = 7z6> ? 2 (cosfl c .-cos0) 



0>Ou>%j cos# <cos0.<jli 0>0 oi£ Ijl <i1 <ajLoJI <ijL*il j* g^ 
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.0<Ouj%j> cos0>cos0 ^li0<0 oj£ Ijl Li 

Cu^-» J^LiJI £a p t n-yU jl^lH Jl^a Iflt^z-n ^'0 ^J^' °Jf*^ '^' ^ C£^ 
C^H* JjSTgIL IfJbUjI jjJu J^LlJI J^*. JjlLJI jljjjJ iijI^JI <^jjuJI jU LfLa 

:OI (108-8) <> ii^lii .(^^11 



rfVW 



d0 



= -mg/sin0 c <O 



o=o t . 



^ JLUL <v JLu 0=0 c U^'K0)'J JUI Lr ^i\ J^ 01 c^l O<0 </r L^c 

.0^0^02 V L^ c <0 2 o1 <siO c <O oCx fii J 

(j' c^l0 c < 1 C^L^ IjU .0 1 ^ >*-^al jl j^10 o^ ^LalrJ LlJjJ ^yLu 
Cr^ 1 6 J ju^x^a o^)0 c J-o ^jSj Lc^lj ^^Lu Cn^j0 jj» n , ,1 j!ijic COS0 >COS0 

jJ^Lu j^^ jjjoi L^^i: ^^ SjLil ^^j ^IjJI ^ cos0 <cos0 c ^1 «(0 j 
JA1I ^3^0 ji jl ( 113-8) JUJI ^ jt^ll dlljj l^Li^ Ll^lo ^^J JxLJI 
11a jc IjLxIjIj Ll^iil ^jJjiL <Gi j-o Ljj ab^VI ,tin J^LiJI J^^ jj^ 
^ oi^ Cm^>^0j^^ J^dlc0 c >0 1 oJt^ Ijl Li .0^6 C£hj\^}\ £a-» Ji>5LxJI 

u'jj j <L f^ 01 cr^ llAjW^SjLiV <£L^0 SjLil jc^u^j0 j^ ^1 i^liJI 
LllLo f^ t jjLujj0 2 jO l {£j <ujjj: J^Lk j j^im J^iLiJI J[^ JxLJI ^JoLu j^^^ 

.(<-jl3-8) ^ JCU-CS^il dlljl L^jl ,,.tj.O 

j^V^ ^Li ^IjJLjO =0 ] Llln ^ = q c< i ,,-,- ,&Uc0=0cul£ Ijl /l^-kl 
J>^ u'jtpll f M ^'3" <^j^JI j^uxS Ja ^UiJI jlj^j J^Lk L>L3 L^jLlI 
^jLl ^ < 1 ^jljJI jlc JjiLiJI j^ j>^LI v>^ Ujk. L:i iajjjt-<» J^iLiJI 
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^ rt-^uo^il JJ.il Lfjl 



_0 I < »^ \ A 



jj_^JU ^juujjja >a 1 j j < /Vi I nj'ir <LjIjjj 




(0 




(13-8) J£^Ji 



.(^ 13-8) J^i 




(-H 



3_.lu-.h iLijUL, J.i.ti ^^ 5-iiil_La 2-17-8 

COSO =U I'-.^j Ijj S.I.U'N <L^LJL <AjLJI g^lllll f h«n ^yij Jo^sjlJI J^-aJ 

_ M 2^i/2fl j <sin 2 6> =1- w 2 o1 e;1 (103-8) <bLdl ^i 

:j1 <£}L^aVI aju 



M = -(sin0)0 = -(l-« )' 



(121-8) 



W = /( U) 



(122-8) f(u) = (l-u 2 (2E-I z co 2 z -2mglu)I x x -(p <l) -I z co 2 u) 2 I 



2,-2 



:(121-8X>> <ji5%3 



<* = 



du 



(123-8) 



f: 



V/(") 



7u7 



■di ^ 



tul* <IIj ^Utj... (123-8) JJ£JI oli u ^i £1151 1 Jujjll <> <1Ij /w)ulL^ 
jji uaj /«) o^ <&W <^W J*t£ill ^Ij^V <9-^ ^i fy (elliptic function) 
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^Dl ^ <S^|| a^TL^ Ail . LiLJu. IjljJu / ^ ^ Ljj L^o ^ 
• j+1 c# j^i^ uj\ ^ nil jOcxOj^^ /«)>flj.^ 
« 2 j MjLa mJ tUjS JLu 01 ^^ .(14-8) Jlill ^i L£ ./tOli^ |j| 

'jjj «0 2 j0j CjGylj C^ ijj^s^ JJJI Jl> ^ a v ii Jja ^ d ] ^ (lj ^ji ^ 

tut <ylj UiL^ 0>5L±JI J^ JJJ| ^ ^ . LyL-i. w, j u ld lj^i\ 0^ 



.<U_0 



.53UJI tt^k, JK^Jl Li^Llo ^ ^j L ^ ^Hijl ^ jjl^ 




(14-8) JLill 



(Tfe Sfee/wng 7bpJ fx UJ I J.l.t 118-8 

0^ <^j^ <Q<^ JJJI Ij, |i| 4ii JJ^ Ljj ^J J^ J£J ^jj^l ^ 

ul Jj tutt, Lj25 U^Li ^ 4a> ^ U (JU Jii ^i) aa5 ^ j^ Sj ^ 

•J^ 1 C* ol ^j cWI jIjjjj v i,jlil ^l^k ij^j ij^ ij^ -^l 

a*~ 0>^ Jlill <*>- <SL>3 oi ^ tfJJI ^1 jUJ O^fj ^Llil J .l.ll 
:OAf 6' v^e c?< «0 = = ot ^j, (122-8) <LHI <> flL ^ JJJl ^bUs 

(124-8) /(«) = (l-^ 2 (2£-/ z ^-2 W g/ M )/; 1 -(^-/ z& , 2M )2 /; 2 = 

:0ji <JLJI 6X4 ^ o^J 
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E=mgl+\I Z (0 2 Z 



3 

Jlill Jc (124-8) j?u£ JW 



P(j>- l Z ">z 



? 






jljjl.1 Jj^ Jl ^^ (0=0 ^l) W=l J^ eicLAoJ-aJj ji* /»J oJ^f Lf 1 ^ 

cJlill jiJI o^j o* ^di .>~=J' cSJ^ ttjLJI <1jU1I ^Mc^jSII C&L* 



„ 3= ^kL_ 1>1 



■ i -v ■ a 



(125-8) <y > M-r^ 



'z 



^a£i Ljlj <tj^u aj^j^-o J>=>. jjaj iJl v^J t-M^ 1 f 1 ^ ^ ^ ''M £ ""' ' "' 



■ ^4l x mgl/I 2 z (jj-"* j ' 
^1 (113-8) > Ll^V jl s^L- <a-*nll ^-ii ^11 J>J»jll O^-V^ o 1 * -^ 

.(125-8) J <i>U~> jxua3 « z u, u o -OLjifc 

J 11* 19 - 8 

.0) iijlj *<-j — ' <ui j±& jial J_ja. 3# j 2a j fl&jbul o!>I jU"ii ii o ^jljl« jj-i; 
lid i^ilL ^jljll ^jllj iyyi <^j— II <^-» C& <u'jJb ^> JI ^^ -^ 
■<*JW eJJ 1 ^ LajjI^j eOb^ 1 j£j* U J^ ^'-^l M^ 

A S.jlLlI ,,,,^1 1 jjLvx 2 »j U". „ ^Lfi ^i.i-vll jJalli uinii <Gl jt^aljJI (>a :JaJI 

: S^iU 1-6 JbaeJI o* <J&>j(^-$) J^J' ^ ^ « u-^ Ji^> 
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(15-8) JfLiJI 



7 1 =-[(2«) 2 + (3fl) 2 ] = -ma 2 
12 12 



m , 2 



10 



h = — [<r + (3<0 ] = — ww 
12 12 

Ttl ■) ? 5 



12 



12 



:(itUj ,j^ ^J-t'i) <j_jljjJ I <c.ji nil <->." a Jl-w '■ Lo£ 



6> 



co = - TT (e 1 +2e 2 + 3e,) 
V14 



:(54-8) <> i^^JI ttUJI 



r = - 1/iW ? + I 2 o)t + Lcoi] = —ma co" 



L = l.© = (/ 1 I 2 I 5 ] 



f \ 
V 3/ 



:<jLj^ 6.k'^ cSj'j^' f^^' ^°l 



ma (o ,^ 
T7 (13e +20e ? + 15e ) 



12V14 



:<L(j£j L j6l) £/_» <jjI^JI j^j lj-^-1 
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cos 6 = 



(O.L 

\(o\\L\ 



(D^i + C0 2 L 2 + 6) 3 Z 3 



.2 , ,,2 , ,,2 r 2 



0.929 



^fi)l-ffi)2 +fi} 3 V Z 1 + Z 2 + Z 3 



0-22° jl ^1 



i*jki* Jl B = 5j + 10kJ A-5i-3j+2k^^ T=AB + BAJLill jlJI J[^ 1-8 

.45° iijlj oZj^^II Jj^ ojIj Sjj^ jjl^-° 

?ajU^ o'jti J l^! t£ J ie t£^' (orthogonal tensor)^^^ jiJLI <jjq.^ <-^1 2-8 

. l-8<fuJJ ^ j^ail jiflflll lj±A\ olo^lllj S^j-oII ja^ill ^ 3-8 

: JLUI jULl >S 4-8 



A/6 



7 V6 -V3 
V6 2 -5V2 
-V3 -5^2 -3 



. d^ >^ ,^s jljcl LAjjJ^ J£ ^jl lo£ Sjf-<^l <JjUII JfiaJj (j^-af :<ia^.^l-o 

x^j r j^uijll <^iL <-ik^ ill j ^ _ m(0 x(ci)xr) :SjjUcJI Sj " 1 " ^' ^^ ^" 8 
ii^^o <T r^l .(oL^ill gj*?* JSuJi ^^^ic) <J J^ilLI dlJJ ^5-^ ^1 <£>L*JI 

S5-8 tfuull ^ j^itl ji a . ft ll Ifl <LIUI 6>JI juSIIj iu-iLy-Vl jjUJI Lo 6-8 

2^«T*t l 6JJb J-qJlLujI .t>j£jA Jj-=± m <C\ IVsj / <ljJa Jj-ojJ iilLajJI JJuo-o J-a. 7-8 
P-^Luil <juuu J^ cflJj-oj f-^L^aVl ^L-uJLa AjJb 3^J-° J>^ ^LL«JI jJLo-o ^L=^V 
S^ij^lil jJaLlll oljLa£.l ^yA SjjJuLu* jl-JJ liA <Lti£ jlaj <Q| Jj-Ajj .<Ljl inu 
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<Loj) k \ ft {Jj^ CI <Gjr.Li ^JaS i-JLuaJj h <C.Lijjl ajU lajjJ>~o <JLla£. a^X. um^I 8"8 
<JUaJul S\ ft ft CjLSj-o '_" "^ I .6j l jJi-o (c^- 3 * " <>l 15 ** a JL> : ^ <->"U ^ i " LAj^- JtjL^-a 

L.\^"n.ift Cjbja <iL^Lua] J\jL)jM <lt£ o^jUn.m ^jljil <JLLxjJI jlo-o ^ 9-8 

OZ Jjj-*-* o * ^>> * c^j'^5^1 > >~0"' <-^° ^^ jjl -^ e\ uL5 ,=k 4-»j-j^J' cjLxLqaJI J^-o jjjc ^Jjsj I 

. fe j a ^*l.ol I ^ ^-iljJL I JjU">..it, I jUW Lj I j-o u^f °J ; ^h? c fl'^H Ljj l>° 

jIjjuS cu^ R U>i , i,^\3 M l^iLS Sj$ jckuu Jn M/8 j M/4 o^ t^ 10 ~ 8 

^^uLuuVI j^'-v ft\\ <jjl^-o j^Ls>-A J[5-^ <jLLjuI Sxaa jjSh . SjfUJ j^^i 4 n ii uL j^LxJJ 

. bx# 6jbuij m«ifc£ Jjki.nl <JLk*Jl jIilo ja. 11-8 
Ujlksl j^j J^*. ml^lKj b 1^ i Ajcj # Lfljla J^.Xill iLkiuxA j^j4.^i j^jS 12-8 

<i-o j-oj ^c-jJI JjU^ Mill J^^J 4 t < <nlL L bL^jlj <Lo_i5 La .CO <LLu ^-»jlj 4-C^julu 

*j}UI ^yJI Lj ^j4.^11 y&jl <uti\\L <1»LJI <fLJLl ^ L &UjIj <aaS L 13-8 

Sj&iJI li^ jjj^ ^1^ 

T 3 ^ a>^ <> SjULuuVI jIaj ^Jli£ j^j -^H-^ =c ^^ o'^l up ( T 3^^ 
pLiAall ^-i Ij-^. IjiaLlLo 1 fttu-\ jjulc.1 <<LL»L-all yLuuil^Jc. jjiiLxo ^-^-^ 15 _ 8 

J-o^l <J^Jj <ejlj>ll icj^JI *L^li ^Ltll J2JI Xsw 'J>^l 1^ J>^ ^^ L-^ 
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j ox j^L^JJ 3 t tUnj m<Gi£j a <jlL^» J^k ^.^1, <ILkt.ll al^ o^ ^ L 16-8 
IJ4J <^j-=JI iiLkilj (^jl^JI ^^Jl Lc S<jtkUlll fi^llJI <Lc^Lx^1 ^k ozj oy 

<JLli <Jjlj <-Cj , M.n LflJj-^. jj±j <j1 ^JaJI *~o I J n 1. 1 <kii] 4 t mmIL cjt^il 

^co = 2i+5j-3k 

<Gjjj ^-Ixi on \ m 4~\\7\j h <£.UjjIj a <Gjcli jkS <„ 4.^^ ±1*12 1*jj~±a Ji£j 17-8 

<C^jloj <J_J^ JLi^ ' fi *"* OZ JjiLuiJI j^^JJ fi-x>Gt <G_»Lj1 *^J'j 6 JJ?^ ° * *u /^ tj <L»G 

°j ; J ox JJ^>\ cr^ ^^-^ ^jUn ,:^t Af <UKj <2 <jJLi J^k ^^.o g-^jf 18-8 
S6t) <Ij£ Ljl^ <cjoau 02: J[^ jlj Ijl v^^ilil lift ^jl^ll f^^ll L .OZj 

jjl *n ft jJI p1 1 A^ll j^l *\ ft i jja A ^ In oLjl£j-o (Jj-^A (V^^ \tt-) <ij 4 < ^ I 1 J-a. I7-8 

SjLc Jj^jJI Ijjh jklcl J^-oj :6jcl.„<.u,o) <w >ljl LJjj <JVjj (#..) ^ j-^ •(* "pH 

. ( JJ~\ ft i^jjujljj <ju_uLjuo jjLa-a J^^l//' j jC7 LjjJ^j <uSJUlLo oLjIj^J <C&G ^j£. 

•/^ J Pq J P e jVSjQ jQ W± j^ Jlx% jjj^ ^a^J j^JUU <llj ^1 20-8 

jj^J-i pI Mil a <Jjlk^Jc 6 jj) *v ft <-»l-4^ ^30"^ j-kLlLo JjJLJ rplj-C2 <llj oISl 21-8 

jjSi JJL ^1 SjjLJI dLtj <1UJI 61a ^ <^^JI ^ JlSD-^' ^^ cA^Li .JLSl^l 

. <L*G <JjLkll «_o <juuLcu <k^j pUL ft-a 

/ <Jjkj m <2ll£ *-jij cu^ASj Md". h<j ^6jk5 t.4<^*t cy=>j-* ^ JJL ^i-Ti-li 22-8 

<j| <T t^j ^1 iijl^ll ic^cJIU .(15-8) J^.t.ll ^ La^ 'J^jil ^- CH^J"^^ -^Jf 
S<liU ^jJzjil *-o ^uLolJI <k^j Qt Q i Ijl jiUJ (c-^ 2 *" 6jj)^ ft J[>^ ^^ajAJl L^J J^-i 




(15-8) Jl^JI 
308 



./zinLftjIj a <GacU jiaS >,.4ir>\ laxp-o <1U. ^ <i»LJI <fuJLl J^ 23-8 

^i L£ <L^ii ^jSLi jLa Jj*> m l(pfr\3 a UjiaS oa./Vi jjib olL5 Jl& 24-8 
.oj 2 >4g/aj\£L Ijl Sj3i..ift K^JI ji j^jj .6) ijjlj <<^uuj <(l6-8) JSLzJI 




(16-8) J^*SJI 
y^s\ ■ A 3 ^j^ c^iS-Jjui mo^jLuA-^ l/^I^ 0-° (dumbbell)^xL^ f » > ^-ifCL 25-8 



>■;•>; .(17-8) JLill ^ L£ <<L^> <Ut<:j /<J^ 



4fl 



^jljjl ^2kjJI <j| (J-&J-* .A KjliU^ <GjG *t->j'j ^'urit ^^SLuJ Jj) ^k O J^J2k.6J <QjG 

'ij—A L <-A-ii J>1j 7T/2 -0 4 \ miIjJI <-lijlj v-i-^aj i4J3J[5_a. Uajj A. a f^J^ 

•(m/ 2 G)sin0 o )/2 




(17-8)JLill 
dlL» jjj: 25-8 <ILu*ll ^ SjjiljJJ i^kltl pLLV ^3^UI ^>*JI j,1 ^>^ 26-8 

.<*U2l jj^j (m/Vsin 2 o )/4 ^ <*>" 
(4J jlai J>^<y o iijl^ <£.jj^j oils jS 24-8<fLJJ ^ J5UI <aL2 jl ^j^I 27-8 

.^jjii ^J^ ^ ^ O^J^i 4>^' <AJaS I4J jjjl^" 
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^^iil rr U.m ^^ Af <CLt^j // <£.UjjIj # <GjX.U jlaA ^kts>\ LjjL^s £^J^u 28"8 
^_A iuljjjl «j£j^JI <iLkll Jl <j-A^ • LcjJ £u£ *^JJ^ L f±f> Oj^ til) <-Jjlj <£-j^-oj 

•r=3M 2 U 2 + 6/z 2 )6; 2 /40U 2 + /z 2 ) 
Ljl^il <c^uJI <-i^j-o (jU (x=0)^ J^itn <jj1mi^ <_jJq5 ojIj IjI <j1 6-^ 29-8 

jj^-q Jj^&) iLu 5jjIj ic^jujj $ 6jJaiJ i.4i/V\j YYl *T\Y\\ ^^uuLaJLo o^*J* JJ^ 30-8 

Jj^j^j <( "\ \\\ jZ>j-a JL^^ ^"U'J 4£.j^uuu pLlA_SlII ^i jiaLlLo (_> 1 1 r> a i i i ^ Jj-^ 1 31"© 
CO <^>o <jl <jA^ .— CO) -J SLLsl-o pIj-^JIj a «.i-vll (j^ dKl^VI ^j-S ^c rcliLi a^ 

I . Ajl j-Aj-i • c >0" £-° (exponentially) ^jJ\ JSLiu ^^lin am.-JI ^tli; j>^-o ^^ 

CuLS IjI a V\\ \ e\ J*\ < ti 1 ^j^QLlJj jJaLuJI jj) ^ nj(D iijljjl <X.j_j-«JI ^J <LtjljJI <j| 

.a mi^II ^jxiLui <JI Ur a^c > ^l ,c-A j>^il IA-A Jj^ <1LLxJI ^3^ *^j-° 
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